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Problem/Questi

eStream/reach listed for sedim

e|s stream/reach impacted/imp

rates and bed-

e”” sediment-
al conditions?

3. To apply BMPs: Where is the sediment coming from
(fields, uplands, channels)?
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Existing Sediment Load: A
plus CONCEPTS

 Develop watershed boundary, network, and s
» GIS-based watershed description of landuse &
* Develop weather database

* Produce flow and sediment loadings for input

 Collect boundary materials data for analysis
processes

e Differentiate sources of sediment from fields «

| —— ]

Talk will focus on channel modeling a
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Modeling Framework: Ja

s CONCEPTS main
channel

\ By ground and
\ aerial

reconnaissance



CONCEPTS - Conservational Ch
and Pollutant Transport

Hydrologic changes
Changes in sediment loadings
Human intervention

Vertically: scour & fill, degradation
Horizontally: widening & migration

USDA (Langendoen, 2000) h




(1-D Unsteady Flow)

Channel geometry
Composition of bed and bank materi

Erosion resistance and shear strengt
materials

Rates of flow and sediments entering

| ——— =]
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Non-Cohesives: Grid Sam
Particle Counts

National Sedimentation Laboratory




Erosion of Cohesives by Hyd

Streambeds

Need a means to determine
critical shear stress () and %
the erodibility coefficient (k) '« -

.\‘Q.

in-situ for soils and sediments. -~/

o P -
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Cohesive Stream

: e
Jet-test device scours a \
hole in the bed or bank (L
toe and measures the B AL

shear stress and erosion |~ |
rate ol s

Measuring bank erodibility with the non-
vertical jet test device



From Relation between She:
Erosion Rate: Calculate

|

Shear Stress, Pa

Erosion
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General Relation for Eroc
Shear Str

k=0.1r,

stress (Pa),

[N
o

[EEN
T T

=
[EEN

ERODIBILITY COEFFICIENT (k), IN cm®/N-s

CRITICAL SHEAR STRESS, IN Pa




Erosion Rate Is a Function of
Excess Shear Str

e =Kk (t,- 1)

h

1. = critical shear stress (Pa)

d

(t,-T.) = excess shear stress

Critical shear stress is the stress required to
Initiate erosion.



Bank Stability — The Factc

Factor of Safety (F,) = Resi

If F, Is greater than 1, bank is stab
than 1 bank will falil.

soil strength bank angle
vegetation weight of bank
matric suction water in bank

LED_A National Sedimentation Laboratory




Strength of Soil M

Effective cohesion moderate In

el|s)

Friction S, low In clays)
Pore-water pressure Jynamic variable

1. =C + (o-y,,) tan

= shear strength (kPa); ¢’ = effective cohesion (kPa); ¢ =

normal load (kPa); u,, = pore-water pressure (kPa) and ¢’ =
effective friction angle (degrees).

National Sedimentation Laboratory




Shear Strength Envelope - Sand
c'=0.5, ' = 34 degrees

y =0.684x + 0.5

Shear Stress at Failure

20 30 40 50 60 70O 80 90 100 110

Shear Strength Envelope - Clay
¢ =125, ¢' = 16 degrees

y =0.296x + 12.5 /i

///

10 20 30 40 50 60 70 80 90 100 110

Shear Stress at Failure

Normal Stress (KPa)
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The Effects of Pore-W

active friction —

essure (matric
gth

« Converting positive to negative pressure (lowering
water table) increases strength

National Sedimentation Laboratory




Incorporating Matric Suc
Apparent (total) Cohe

Ca=C F (ua | MW) ta
Where:
C, apparent (total)

C effective cohesio
(1, - Ky suction on the fa
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Measuring Pore-\Water Pre

- cable protecdon tube
o

- protection cap
| cchl®

screwed cable gland

= ¢ N 3 desiccator cartridge
with strain relief A E
W

with silicagei®

- atmospheric pressuiy

.~ atmeaspheric pressure

~ pote nriometers

temperature sensor
“ (integrated)

- indicator

~ ddapter

Y, = unit weight water (kN/m?3) e

-~ ceramic cup

USDA National Sedimentationborator
ST y



Incorporating M

Unsaturated Shear Test, Goodwin Creek Bend, MS

75 — _
70 £
-t C,=22.7kPa :
o ¢ =0.37=20.3°
s 55 = 12=0.99 :
> 50F Matric suction = 17kPa
o 45E
q 40F _;
= 5 ¢ Matric suction = 17kPa
x 30 At ¢ of 14° this gives;
2 B ® 17x(tan 14) = 4.2 kPaadded 3
2 cohesion
o Therefore;
10 £ _:
> , c’=22.7-4.2=18.5kPa

0 10 20 30 40 50 60 70
NORMAL STRESS, IN kPa

80 90 100 110




#Survey Cross-Sections 57

Main Channel (every 500m) 38
1967 Match

Tributary
#Bore-hole Shear Tests 38
#Vertical and Non-Vertical Jet Tes 65
127




Contribution to Annual Sed
from Fields and Channels: J

1999 -2002
89% Channels
119 Fields

1992 -2002

70% Channels




Units of “Reference”: Tonnt

 Subtract out gravel fraction from CONCE
sediment-transport data.

 Develop sediment-transport curves from C
output

e Determine “actual” sediment load at the ef

(Q15)
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e
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“Actual” Annual Yielc
Different Peak-Flo

i —o— Measured peaks 7

10000 L —— ANnAGNPS peaks using actual precipitation __
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SUSPENDED-SEDIMENT LOAD, IN TONNES/DAY

Two-Stage Suspend:

Ratings

1000000 = — —— :
100000 | James Wolf Creek near Looxahoma, MS
; 07277548
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1000 [ o {00
; o, °
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DISCHARGE IN CUBIC METERS PER SECOND




Definition Sketch
Dischart

I
:4— effective discharge

@Q\)enCy

)

(s
(%)
~
O~
<
&

Discharge

From Wolman and Mil |er, 1960. Fig. 7.5 -- Effective discharge determination from sediment rating and flow duration curves.

In Stream Corridor Restoration: Principles, Processes, and Practices, 10/98.
Interagency Stream Restoration Working Group (FISRWG)(15 Federal agencies of the US).
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Median Suspended-Sedime

.

Median Suspended-Sediment
Concentration at Q, 5 in mg/l

10-45 [l w2000
W s-140 [ 2001 - 10000
B 41-400 [ ] nodata

USDA

e
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Median Suspended-S

‘‘‘‘‘

Median Suspended-Sediment
Yield at Q, ; in T/D/km?

001-02 [l e51-235
021-08 [l 2351-174
- 0.81-6.5 |:| no data

National Sedimentation Laboratory



Suspended-Sediment
Southeastern |

~ 1000 ¢

[  HE Minimum
100 - [ 1st Quartile
- [ Median All sites
. I 3rd Quartile
10 f N Maximum
- — Median value

1t 052T/D/km*

0.1 .
0.01

SOUTHEASTERN PLAINS
What does this tell us about reference conditions?

SEDIMENT YIELD AT Q, ., IN T/D/KM




Stages of Channel E
(Just another empiri

Stage IV. Degradation and

. e Stage Il. Constructed Stage Ill. Degradation Widening
Stage I. Sinuous, Premodified h<he h<he h>h¢

terrace

slumped material

. _ Stage V. Aggradation and Widening Stage VI. Quasi Equilibrium
he = critical bank height h>he h<hc
= direction of bank or rrace
bed movement T Ih bank\
g i A =" _ _hankfull - 3

slumped

‘\ material
REferenceS aggraded material aggraded material

Stages I, Il

primary
ickpoint

«Stage |

Stage VI

*Stage VI P

secondary
knickpoint

oversteepened reach aggradation zone

aggraded material

National Sedimentation Laboratory



General “Reference
Sediment

(V)

SEDIMENT YIELD AT Q, ., IN T/D/KM

100 ¢

10

un

Minimum
Median

Maximum
Stable

0.31 T/D/km?

1st Quartile

3rd Quartile

General "reference"

0.1

SOUTHEASTERN PLAINS




General “Reference”
Sediment Conce

100000 ¢
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Refined “Reference” Sus
Yields by Bed-Mate

100
mmm Minimum Gravel-bed streams
@ 1st Quartile —
10 ¢ = Median ]
mmmm  3rd Quartile —
s Maximum
1t = Stable ]
0.27 T/D/km?
0.1¢ E
0.01
1000

100 ¢ Sand-bed streams l

f 0.42 T/D/km?
01} | | ]
0.01 I I

SUSPENDED-SEDIMENT YIELD AT Q & IN T/D/km?

Fine-bed streams
10 ¢ 1
3.23 T/D/km? — ]
1 ]
0.1

SOUTHEASTERN PlL AINS



Weighting of “Reference’
fd/km?; 160 mg/I




Example Sediment-Tre
Derived from CC
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DISCHARGE, IN CUBIC METERS PER SECOND



“Actual’” Annual Susg
Yield at the Effectl
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